Background--The new American College of Cardiology/American Heart Association high blood pressure (BP) guidelines in the United States have lowered definition of hypertension by defining normal as systolic/diastolic BP <120/80 mm Hg; elevated BP as systolic between 120 and 129 mm Hg and diastolic <80 mm Hg; and stage 1 hypertension as systolic between 130 and 139 mm Hg or diastolic between 80 and 89 mm Hg.
Whether this new definition should be globally applied across geographical regions and ethnicities remains unclear, and outside the United States, these guidelines have yet to be adopted by countries in Europe or Asia.
The findings of studies in Chinese population with regard to cardiovascular disease (CVD) risk associated with BP levels defined as elevated or stage 1 hypertension in the new guidelines are controversial. [2] [3] [4] [5] We used data from the SCHS (Singapore Chinese Health Study) to investigate the association between different BP categories and the risk of mortality from CVD among middle-aged and elderly adults of Chinese ethnicity in Singapore.
Methods
The data that support the findings of this study as well as analytic methods and study materials are available from the corresponding author on reasonable request and are in compliance with National Institutes of Health guidelines.
Study Population
A total of 35 303 Chinese women and 27 954 Chinese men, aged 45 to 74 years, were enrolled in the population-based cohort, the SCHS, between April 1993 and December 1998. The design of the SCHS was described in detail previously. 6 Briefly, the study participants belonged to 2 major dialect groups in Singapore, the Hokkien and the Cantonese, originating from Fujian and Guangdong provinces in southern China, respectively. All the study participants resided in government housing estates, where 86% of the Singapore population lived at the time of enrollment. Structured questionnaires were used to obtain information on demographics, lifestyle factors (physical activity, sleep duration, tobacco use, and alcohol intake), usual diet, and medical history through in-person interviews at recruitment. Between 1999 and 2004, during follow-up 1 interviews, 52 322 participants were recontacted via telephone calls, and information on lifestyle factors and medical history was updated. 7 From April 1994 to December 1999, a random 3% of the study participants were contacted to donate blood and singlevoid urine specimens. Between January 2000 and April 2005, this biospecimen collection was extended to 32 543 participants, constituting a consent rate of %60% of surviving cohort participants at that time. BP was measured before biospecimen collection. A total of 30 636 participants with BP measurements and who also participated in the follow-up 1 interviews were included in the current analysis. This study was approved by the Institutional Review Board at the National University of Singapore, and all enrolled participants provided informed consent.
Assessment of BP and Other Covariates
For each of the 30 636 participants, BP was measured in a seated position in the home by trained staff using Omron automatic digital BP monitor HEM-705CP. Three measurements were obtained at 3-minute intervals for each participant, and the average of the readings was rounded to the next integer and used as the final BP measurement. During the visit for BP measurements, information on history of hypertension and use of antihypertensive medications was updated.
At recruitment and follow-up 1 interviews, information on smoking, alcohol intake, and self-reported history of medical conditions diagnosed by physicians, including diabetes mellitus, hypertension, coronary heart disease (CHD), and stroke, was collected. Body mass index (BMI; in kg/m 2 ) was calculated as body weight in kilograms divided by square of height in meters. The enquiry about history of these diseases was made by asking if the participant has been told by a physician that he/she had any of these diseases in separate questions. Using standard protocols, separate studies validated the accuracy of the self-reported diabetes mellitus 8 and hypertension 9 in this cohort. The robustness and accuracy of the self-reported diabetes mellitus data were validated in a separate study analyzing 1651 cohort participants who reported history of diabetes mellitus at either baseline or follow-up 1 interview, and 98.9% were confirmed by medical records or telephone interview. 8 
Assessment of Mortality
Information on date and cause of death was obtained through linkage analysis with the nationwide registry of birth and death in Singapore, and primary cause of death (ie, leading disease or condition) was used for analysis. As of December 31, 2016, when vital status for cohort participants was updated, only 41 participants from this cohort were known to be unavailable for follow-up because of migration out of
Clinical Perspective
What Is New?
• Our data from this population-based cohort of middle-aged and older Chinese in Singapore showed that increased risk of cardiovascular disease mortality associated with the newly defined stage 1 hypertension (130-139/80-89 mm Hg) was only observed in participants who were both <65 years of age and without history of cardiovascular disease, but not in older participants or those with such prior history.
What Are the Clinical Implications?
• We also conducted stratified analysis to examine the association between BP categories and CVD mortality in different subgroups of our participants by age groups (those who were <65 versus ≥65 years of age at BP measurement); sex (men versus women); self-reported history of physiciandiagnosed heart attack, angina, or stroke (CVD history; no versus yes); and BMI groups (<23 versus ≥23 kg/m 2 ). The stratification by BMI was done using 23.0 kg/m 2 as the cutoff because this is the World Health Organization's recommendation of BMI trigger point for public health action in Asians 10 and also the median value of BMI in this study population. The statistical significance in the heterogeneity of the associations between different strata was tested by including the product between BP categories and stratification variable as an interaction term in the Cox model. All the statistical analyses were conducted using SAS 9.4 (SAS Institute Inc, Cary, NC), with a 2-sided P value <5% as statistically significant. P value for trend was computed by introducing BP categories to the models as a continuous variable
Results
The meanAESD age of our participants at time of BP measurement was 63.0AE7.8 years. More than half of the participants in our study (55.7%) were women. Approximately 55.5% of the population were <65 years of age and without CVD history, 4.1% were <65 years of age and with CVD history, and 40.4% were ≥65 years of age. Table 1 shows the characteristics of study participants according to BP categories created for this study. In our study population, 21.3% of participants had normal BP, 11.5% had elevated BP, 23.5% had stage 1 hypertension, 17.3% had low stage 2 hypertension, and 26.3% had high stage 2 hypertension. Participants at higher BP categories were older, were more likely to be men, had lower educational level, and were more likely to be ever smokers or daily drinkers of alcohol. They were also more likely to have higher BMI and to have history of diabetes mellitus, hypertension, or CVD compared with those in the lower BP categories. After a meanAESD 12.9AE3.7 years of follow-up, we identified 2412 participants who died of CVD, including 1379 of CHD and 637 of stroke. In fully adjusted models, compared with normal BP, elevated BP (hazard ratio [HR], 0.89; 95% confidence interval [CI], 0.74-1.07) and stage 1 hypertension (HR, 0.94; 95% CI, 0.81-1.11) were associated with nonstatistically significant reduced risk for total CVD mortality ( Table 2) . As for CHD mortality, compared with normal BP, null associations were observed for elevated BP (HR, 1.00; 95% CI, 0.78-1.28) and stage 1 hypertension (HR, 1.01; 95% CI, 0.82-1.25) in fully adjusted model. Conversely, both low and high stage 2 hypertension was associated with increased risk of total CVD and CHD mortality in an incremental manner. As for stroke mortality, the risk was only significantly increased in those with high stage 2 hypertension (HR, 1.72; 95% CI, 1.31-2.26).
In stratified analysis, compared with normal BP, no significantly higher risk was observed for stage 1 hypertension in any subgroup by sex (P=0.27 for interaction), BMI subgroup (P=0.69 for interaction), or use of antihypertensive medication (P=0.23 for interaction). Overall, stronger associations with CVD mortality were observed across all BP categories in participants <65 years of age (P=0.01 for interaction) and in those with no history of CVD (P=0.001 for interaction). Specifically, for the association between stage 1 hypertension and CVD mortality, the interaction terms were statistically significant for the observed differences by age group (<65 versus ≥65 years; P=0.008 for interaction) and CVD history (no versus yes; P=0.04 for interaction) ( Table 3) . When participants were stratified by both age and the history of CVD, compared with their counterparts with normal BP, stage 1 hypertension was associated with a statistically significant 40% higher risk of CVD mortality in individuals who were both free of CVD history and <65 years of age at BP measurement (HR, 1.40; 95% CI, 1.01-1.94). We did not find increased risk of CVD mortality associated with stage 1 hypertension among those who were ≥65 years of age or those with history of CVD at BP measurement (Table 4 , Figure) . We tested if our findings were sensitive to the measurement date by adding a categorical variable representing year of BP measurement to the statistical models, but our results remained unchanged.
Discussion
Our data from this large cohort of middle-aged and older Chinese in Singapore suggest that the newly defined stage 1 hypertension, according to the revised American College of Cardiology/American Heart Association high BP guidelines in United States, may not be associated with increased risk of CVD, CHD, or stroke mortality across all ages in the general population. In this study, a higher risk associated with stage 1 hypertension was only observed in participants <65 years of age and without CVD history, but not in the older participants or those with history of CVD.
In a meta-analysis of 16 prospective studies, 11 high-range prehypertension, defined as systolic/diastolic BP 130 to 139/85 to 89 mm Hg, was associated with 56% higher risk of CVD (relative risk [RR], 1.56; 95% CI, 1.36-1.78), whereas low-range prehypertension, defined as 120 to 129/80 to 84 mm Hg, was associated with 24% higher CVD risk (RR, 1.24; 95% CI, 1.10-1.39). The Asian cohort studies used for these pooled analyses for low/high-range prehypertension composed mostly studies from Japan (5 studies), while China, Korea, Iran, and India contributed 1 study each. 11 The nonAsian studies came mostly from the United States (7 studies). When stratified by geographical location, the summary risk estimate associated with high-range prehypertension was significantly lower for CVD mortality among Asian studies compared with non-Asian studies (RR, 1.49 versus 1.66; P=0.007 for heterogeneity). In fact, the summary risk estimate for the association between high-range hypertension and CHD mortality from Asian studies did not reach statistical significant (RR, 1.19; 95% CI, 0.97-1.47). Similarly, for lowrange prehypertension, the adverse association with CVD mortality was significantly lower among the Asian studies compared with the non-Asian studies (RR, 1.17 versus 1.37; P=0.01 for heterogeneity). Moreover, an age-specific association was observed, with evidence of higher CVD mortality risk at younger age (<65 years) but not at older age: RR, 1.23 versus 0.85 at low-range prehypertension and 1.60 versus 1.07 at high-range prehypertension (P=0.09 for heterogeneity). This concurs with our finding among those without history of CVD, because we also observed significantly higher risk of CVD mortality associated with stage 1 hypertension in participants <65 years of age. To our best knowledge, there were 3 prior studies about prehypertension and CVD risk conducted in Chinese populations. 2, 4, 5 The average age of participants from all the previously described 3 studies in Chinese populations was %55 years, which was %8 years younger than the average age of 63 years in our study. In Shanghai Women's Health Study, 2 in line with our findings, high normal BP (130-139/ 85-89 mm Hg) was also not associated with CHD mortality (RR, 0.82; 95% CI, 0.33-1.99). In contrast, it was associated with 2.34 (95% CI, 1.32-4.12) times higher risk of stroke mortality compared with optimal BP (<120/80 mm Hg). Moreover, their findings on BP at 120 to 129/80 to 84 mm Hg corroborate our finding of a null association for elevated BP, because they also did not find significant association with stroke (RR, 1.21; 95% CI, 0.67-2.17) or CHD (RR, 0.68; 95% CI, 0.29-1.61) mortality 2 for this BP category.
In the other 2 studies among Chinese populations, 4, 5 prehypertension was defined as systolic BP 120 to 139 mm Hg and diastolic BP 80 to 90 mm Hg, without further categorization into a low or high range. In a follow-up study conducted in Taiwan, prehypertension was associated with a 73% (HR, 1.73; 95% CI, 1.00-2.98) higher risk of cardiovascular events. 4 In a nationwide study in China, 5 the HRs (95% CIs) associated with prehypertension were 1.22 (1.15-1.30) for CVD mortality (8745 events), 1.47 (1.23-1.75) for CHD mortality (1300 events), and 1.67 (1.50-1.86) for stroke mortality (4249 events). In their subgroup analysis, the significant association with CVD mortality was only observed in participants with at least 1 CVD risk factor (RR, 1.19; 95% CI, 1.11-1.28) but not in those without any CVD risk factor (RR, 1.11; 95% CI, 0.91-1.36). This led the authors to conclude that medical treatment of prehypertension may not be as beneficial as treatment of established hypertension in the general population. 5 In accordance with our results, this study also found that, although the association was significant among participants <65 years of age (HR, 1.29; 95% CI, 1.17-1.43), the association was weaker and of borderline significance among participants ≥65 years of age (HR, 1.08; 95% CI, 0.99-1.17).
5
In line with our findings, another study in Singapore, composed of 77% Chinese, 15% Malays, and 6% Indians, demonstrated that, although prehypertension was associated with CVD mortality, the risk estimate did not reach statistical significance (HR, 1.5; 95% CI, 0.8-2.6). This study was likely unpowered because the finding was based on 30 CVD deaths in prehypertension group and did not provide information about cause-specific mortality, such as CHD and stroke mortality. 3 Notably, apart from ethnic mix, the participants were much younger than ours (mean age, 39 versus 63 years). Hence, the results supported our finding of an increased risk associated with stage 1 hypertension only among younger participants <65 years of age at BP measurements and without CVD history.
In a meta-analysis of 18 prospective studies, prehypertension, defined as systolic/diastolic BP 120 to 139/80 to 89 mm Hg, was associated with 28% higher risk of CVD mortality (RR, 1.28; 95% CI, 1.16-1.41). 12 Among these 18 studies included, 8 conducted in Asian countries comprised 3 Japanese studies, 2 Chinese studies, and 1 study each of Singaporeans (mixed ethnic groups), Koreans, and Indians. In this meta-analysis, a stronger association was observed in the pooled analysis for stroke mortality (RR, 1.41; 95% CI, 1.28-1.56) than CHD mortality (RR, 1.12; 95% CI, 1.02-1.23).
12
In a recent meta-analysis 13 Ethnic variation in the distribution of risk factors and disease is a function of the frequency of specific genotypes and interaction with environmental factors. 15 Ethnic differences in prevalence of CVD risk factors are well established, [16] [17] [18] which, in turn, partially explain the observed differences in burden of CVD. 19, 20 Ethnic differences in the relationship between risk factors and CVD explain why the risk scores developed in whites have performed inconsistently across ethnic groups 21 and also why being overweight is associated with greater mortality risk in Asians compared with Figure. Association between categories of blood pressure and cardiovascular disease (CVD) mortality stratified by age and history of CVD. CI indicates confidence interval; HR, hazard ratio.
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New Blood Pressure Categories and CVD Mortality Talaei et al whites. 22 Ethnic differences in genetic predisposition to hypertension, even among different subgroups of Asians, are well known, 23 and this might be extended to the impact of BP on CVD risk. Our study participants originated from 2 contiguous provinces in southern China, and variations in genetic, lifestyle, or environmental factors among subethnic groups of Chinese may also account for disparity in results from observational studies involving Chinese originating from different geographical parts of China. Hence, the claim in the new guideline that "this risk gradient was consistent across subgroups defined by sex and race/ethnicity" 1 might root in lack of sufficient data from other ethnicities who are less studied, including Chinese. Moreover, this study shows evidence of effect modification by age and CVD history for the association between stage 1 hypertension and CVD mortality, suggesting that age and preexisting CVD history are factors that need to be considered in determining the group that will benefit from adopting the lower BP cutoff threshold for hypertension definition. Future guidelines may need to consider age groups and preexisting CVD history separately in formulating clinical practice. Among those <65 years of age in our study population (n=18 267), most (93.1%) had no history of CVD at BP measurement. The finding for a 40% increase in risk of CVD mortality associated with the stage 1 hypertension in this relatively healthy middle-aged population bears public health importance. If our findings are confirmed by independent studies, a preventive program for the stage 1 hypertension screen and lifestyle intervention among people <65 years of age may have significant impact on reducing premature death from CHD and stroke.
The limitations of our study need to be considered when interpreting our findings. First, having BP measured on a single occasion precludes us from accounting for regression dilution bias that may lead to underestimation of the true association. Second, only mortality data were available in this study. Hence, if prehypertension is mostly associated with milder (nonfatal) types of CVD in participants >65 years of age, our study would not be able to show this association. However, the possible grounds or mechanism for such a selective association is not clear yet. Third, data on lipid profile of participants were not available; thus, we were not able to test these associations stratified by overall 10-year CVD risk at 10%, which was used by the guideline for management of hypertension. Fourth, because our participants were middle-aged or older adults of Chinese ancestry, our findings may not be generalizable to younger individuals or other ethnic/racial groups. Fifth, the observational nature of our study does not allow for causal inferences. Sixth, compared with those who were excluded from this study because they did not consent to being visited for the donation of biospecimen (blood or urine) for research and, therefore, did not have BP measurement, those who were included in this study were, on average, 1.4 years younger, more likely to be Hokkien, and had higher level of education. They were also more likely to be never smokers (3.2%) and had lower prevalence of diabetes mellitus (2.0%) or CVD (0.8%-0.6%). This is expected of longitudinal cohort studies in that participants who continue to participate tend to be healthier, a phenomenon coined the "healthy volunteer effect." 24 Accordingly, although cohorts tend to be composed of participants who are healthier than the general population, bias is not likely to occur for internal comparisons 24 because it is possible to control this effect by including the differential factors as potential confounders in the statistical models. In our analysis, we have included these lifestyle and health factors that may have confounded the association between BP and mortality risk. Finally, it is still possible that adjustments may not have accounted for unknown confounders, leading to the possibility of residual confounding.
Perspectives
In conclusion, our study consistently found no higher risk of CVD, CHD, and stroke mortality at elevated BP (systolic/ diastolic BP 120-129/<80 mm Hg) or stage 1 hypertension (130-139/80-89 mm Hg), except in individuals <65 years of age and without CVD history. We recommend that more studies should be done in different populations of various ages and ethnicity and by history of preexisting CVD before global adoption of the newly defined hypertension categories, according to American College of Cardiology/American Heart Association guidelines.
